The action early proposed by Schild is metamorphosed in N = 1 two dimensional superspace. In the first metamorphosis, equations of motion for string co-ordinates are derived in virtue of auxiliary fields as their equations of motions. The second one is expressed by the square of a bracket which is defined with N = 1 superfields and its covariant derivations. The superdeterminant of the induced metric of the superspace is used in third metamorphosis. The reason why the form of the resulting metamorphosed actions differs from the NSR action is also discussed.
Recently the space-time uncertainty relation which concerns possible matrix representations of spatial and temporal co-ordinates is one of the highlighting topics in string theory. The noncommutativity of co-ordinates gives rise to a distrust of the canonical quantization in which only a variable for time carries an intrinsic meaning, as compared with the other variables for space. In other words, when one applies the canonical formulation to a theory in which the Lorentz covariance is an important criterion, at least one feels inconvenience of the quantization method based on the time-energy uncertainty principle because the covariance is not manifest in the Hamiltonian formulation.
There are some proposals for the development of new quantization methods beyond the canonical one from the motivation above mentioned. Eguchi suggested a novel method to treat the dual-string theory and derived a diffusion equation where the area, dτ dσ, parametrizing the world sheet, was regarded as the evolution parameter [1]. Nambu also considered a generalization of the Hamiltonian formulation in which both spatial and temporal variables were dealt with on the same stage [2] [3] . In his discussion, the following bracket plays an essential role:
where m, n represents two dimensional vector index, ǫ mn is a two dimensional antisymmetric tensor and X A are the bosonic string co-ordinates. The index A denotes the vector index of the embedding space. The Schild string [4] described by the square of (1) was used as an available example. In the virtue of (1), he found a link between the string model and a certain gauge field theory. One of the authors (A.S.) tried to apply Nambu's work [3] to the quantization of any other extended objects than strings, such as membranes [5] . The contents of [3] were developed for the parameters on the three dimensional world volume [5] . His several works about the application of [3] are summarized in [6] .
Very recently, based on the space-time uncertainty relation, Yoneya et al. bring dynamical properties of D-branes to light. In [7] the conformal symmetry is regarded as a mathmatical structure of the uncertainty relation. The combination of the conformal symmetry and the supersymmetric non-renormalization theorem establishes the effective action for D-particle. There are also quite a number of any other subjects than string theory in which supersymmetry plays a vital key. Although our future aim is to extend the framework of [3] for such supersymmetric theories, in this literature we would like to present as our first step some metamorphoses (deformations) of the Schild string which may become efficient examples for the application of the framework.
Metamorphoses (Deformations)
Firstly let us recall the Schild string [4] [7]
where e is an auxiliary field transforming as a scalar density under two dimensional diffeomorphisms (Dif f 2 ) and X A , A = 0, 1, ...3 are co-ordinates for a string which is propagating in four space-time dimensions. Here Γ and ∆ are arbitrary constants 1 . The action (2) is invariant under Dif f 2 and is classically equivalent to the Nambu-Goto string up to the equation of motion for e.
Supersymmetry can be made obvious by formulating the theory in the N = 1 two dimensional superspace in which the world sheet coordinates x m is supplemented by the fermionic coordinates θ µ , where µ is the index for chiralities, µ = 1, 2. Let us substitute a scalar superfield (2):
where and throughout in the present paper we use the same notations as the reference [8] for the representation of two dimensional Clifford algebra. ψ A is two-component Majorana spinor field and B A is an auxiliary field. In the virtue of B A the algebra of supersymmetry transformation is closed off the mass-shell. Furthermore we change d 2 x to d 2 xd 2 θ and fix e = 1, ∆ = 0 in (2).
By integrating super co-ordinates θ µ , (2) reduces to:
1 The action (2) fixed by e = 1 and ∆ = 0 corresponds to the original string by Schild [4] :
The gauge symmetry then is the area-preserving diffeomorphisms which are charactrized by the following equation:
where ǫ n is the infinitesimal parameter of Dif f 2 .
From δS 1 /δB A = 0, we find
which is the equation of motion for X A derived from the Schild action. Therefore we can expect that (4) contains a part of the Schild string dynamics.
The Neveu-Schwarz-Ramond superstring is described in N = 1 superconformal flat superspace [8] [9] as:
where D α is the covariant derivative for the local supersymmetry and the index α denote the chiralities of two dimensional spinor. E is the superdeterminant of the supervierbein [11] and it is a scalar density in the superspcae. The supervierbein has been found in [8] :
where e m a is the vierbein and χ m α is the Rarita-Schwinger field 2 . The supergauge transformation of the Rarita-Schwinger field contains an auxiliary field, A [8] .
The invariance of (6) 
is a scalar in the superspace. By integrating the super co-ordinates, we have the action of Neveu-Schwarz-Ramond superstring [10] .
Next let us consider the following action by keeping the gross structure of (2) and supersymmetrizing it,
where h αβ is given by
The determinant of h αβ is represented by a bracket:
2 Here one does not need explicit expressions, for ω m and φ β which are defined in [8] , in which φ β is expressed by ψ β .
where
Note that spinor indices, α and β, are raised and lowered by ǫ αβ . The det h αβ is a scalar in the superspace, so that local symmetries of (8) are restricted to a volume-preserving diffeomorphismlike a transformation in the superspace, in which the transformation parameters ξ M satisfies
Generally speaking, for a scalar density G transforming as δG = ∂ n (ǫ n G), and a scalar I transforming as δI = ǫ n ∂ n I, I 2 /G behaves under Dif f 2 as
Thus if the infinitesimal group parameter ǫ n satisfies ∂ n ǫ n = 0, then δ{ d 2 xI 2 /G} becomes a surface term. In the above example (8), taking G = E and I = Y A , Y B , we can understand (12) . The parameters ξ M have the following expansions [8] :
where parameters, f m , ζ µ and l in the first terms correspond to those of Dif f 2 , local supersymmetry transformations and Lorentz transformations, respectively. Notice that (12) implies four conditions on the five independent parameters, f m , ζ µ and l. By specifically expanding (12) in terms of θ, we find
As the result, all gauge degrees of freedom of Dif f 2 and local supersymmetry except local Lorentz symmetry have been that can not be moved. Only gauge parameter l of local Lorentz transformation, is still movable since γ 5 matrix is trace-less, namely (γ 5 ) µ µ = 0. By integrating the super co-ordinates, we obtain
The auxiliary field A appears in (16) because the superconformal symmetry defined by Weyl symmetry plus fermionic symmetry has been perfectly restrained. The quadratic terms of the fermionic matter can be removed from (16) by using
The intuitive extension of the Schild string (2) may be
rather than (8) . The induced metric in the superspace is
The action (18) possesses, however, a pathological behavior because of the superdeterminant [11] . It becomes a non-local functional as,
Therefore a something new device seems to be introduced in order to extract an interesting result from (18).
Discussions
We have presented three kinds of metamorphoses (deformations) for the Schild string in N = 1 two dimensional superspace, having an intention to construct valid educational examples for a new framework of quantization in which spacial and temporal variables are treated on the same stage.
remember Nambu formulated a certain gauge field theory from a string theory based on the bracket (1) [12] . He treated { X A , X B } 2 as the square of the gaug field strength, F 2 AB . From the work [12] , we suppose the possibility of the N = 1 supersymmetrization as follows. If one can consistently delineate N = 1 super Schild string, then the action would look like one of the super Yang-Mills gauge theory 3 . It is well-known, however, that one can not formulate, for two dimensional spinor, such super-Yang Mills gauge theory described by the action
where ψ is the representation of Clifford algebra in the D space-time dimensions. To hold supersymmetries, spatial-temporal dimension must be D = 3, 4, 6 and 10 [10] . Therefore it is not so unfavorable conclusions that (4), (8) and (18) are not reduced to the original Schild string by usual bosonic truncation.
Moreover we would like to comment on (8) ( (16)). Its gauge symmetries have been completely fixed except for local Lorentz symmetry. We would like to improve the whole violation of local symmetries which reside in the Neveu-Schwarz-Ramond model to a partial break. The partial break of the symmetries is rather desirable disposition. Because if one can construct N = 1 super Schild string, then it should correspond to a 'supersymmetric Nambu-Goto string'.
Remember that in Nambu-Goto string Weyl symmetry is not surviving though it is alive in Polyakov string. Therefore to preserve the supersymmetry of the theory, the fermionic symmery of χ m → χ m + γ m η with η an arbitrary Majorana spinor and the supersymmetry should be partially restricted.
Suppose that the Schild string is formulated in four dimensional space-time, as Nambu did so in [3] . If one could consistently elaborate σ to the same stage of the time variable and one could treat X B as four independent parameters in addition to τ and σ, then the Schild string will enable us to interpret itself as a theory whose signature is (4, 2).
